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1. Introduction
The Siena University LIAAM (Laboratorio di Informatica Appli-
cata all’Archeologia Medievale – Laboratory of Information Tech-
nology Applied to Medieval Archaeology) made its first steps in
the field of computing archaeology at the end of the 1980s (re-
garding the change in our working philosophy, the evolution of
the last years and the new frontiers towards which we are head-
ing, see: Francovich 1990, Valenti 1998a, Francovich 1999, the
Italian state of art is described in Francovich and Valenti 2000).
The target of our experiments, always aiming towards the global
running of archaeological data, remains the production of work-
ing tools which allows integrated consultation of all gathered data,
free of any preliminary interpretations: not only a supporting in-
strument but a really useful tool for the in fieri research. As al-
ready stated our working philosophy consists of six main points:
• technology as an instrument of research in the field;
• technology as a recording instrument for lab files;
• technology used to query and investigate the data we have
in order to produce knowledge;
• great attention is paid towards any technological innova-
tion on the market;
• the whole process is managed by archaeologists who, with-
out reaching the “know how” typical of computer scien-
tists, acquire a high end user level;
• ability to use the computer as an advanced household ap-
pliance, to be ordered (through programming) to perform
what we want it to.
Throughout the years we have acquired skills in processing aerial
photographs, GIS manipulation of excavations and landscape
projects, advanced scanning and editing, 3D modelling, photo-
realistic rendering, animation and morphing procedures, electronic
video documentation, digital photography, CAD techniques, pro-
gramming languages, multi-media productions, QuickTime Vir-
tual Reality applications, the production of web pages. Open-
Archeo, the system of global data manipulation, is conceived
through hierarchical recording levels, each of them characterised
by different levels of detailed information; at present they can be
divided into: macro level (Tuscany), semi-micro level (areas un-
der survey) micro level (excavations).
Our global data management system, called OpenArcheo, is con-
ceived on hierarchical levels, implying different detail classes;
we can actually distinguish three different scales: macro or re-
gional (entire Tuscany), semi-micro or local (areas under survey),
micro (excavations). OpenArcheo represents an integrated and
open solution for the manipulation of archaeological evidence;
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thanks to it all kind of data (cartographic, planimetric, alphanu-
merical, graphical, multi-medial, etc.) can be queried and visual-
ised in a multidirectional way. The system revolves mainly around
two fundamental issues: documentation (what kind of documents
do we want to obtain?) and the relation keyword (what is the re-
search key through which we want to gather the requested docu-
ments?). Let’s assume we are working on the GIS of an excava-
tion and have a need to study the ceramics related to the period of
the selected evidence: documentation will concern pottery finds,
the relation keyword will be the period and the link will originate
from the GIS to the DBMS of the excavation.
The usefulness of such a manipulation is clearly perceivable; this
is especially true if we take into consideration the multidirectional
possibility of the links (any single type of data interacts with all
the others), the wide range of information gathered from the macro
to the micro scale (that means from a regional view down to the
record of a single pottery piece) and the promptness and easiness
of the connections. It is a sort of application that allows the best
kind of monitoring of the archaeological evidence: that has been
our main purpose during the last few years.
Within the creation process of our system we have concentrated
especially on experimenting with GIS platforms for archaeologi-
cal excavations. We have already written about the way we con-
ceive the close connection between information sciences and ar-
chaeology, the standards we have been working on, and some as-
pects of stratigraphical data management (Valenti 1998a, Valenti
l998b). At this point we would like to deal with the problems con-
nected with the building of a data model for excavations (as to the
more recent LIAAM contribution on the subject see Francovich
and Valenti 2000, Valenti in press, Fronza in press, Nardini in
press); we will also try to demonstrate how useful a computer can
be in the production of information and in the verification of it
afterwards (computer as a relevant instrument for research and
GIS as a medium to interpret and understand what we come across).
The lab experiments have mainly focused on the excavations at
Poggio Imperiale in Poggibonsi (SI) where we have been investi-
gating a long-term medieval settlement (see Valenti 1996, Valenti
1998c, Valenti l999a, Valenti l999b). Since the very beginning of
the project, in 1991, we wanted to match new investigating strat-
egies and new technological media. One of the main points sup-
ported by the Poggio Imperiale project is that the whole excava-
tion is digitally recorded and managed. All the evidence is in-
cluded within a GIS platform related to an articulated system of
files and records; they contain all the information concerning the
excavation and allow the development of new interpretation meth-
ods and the planning of the enlargement of the excavation and
transformation into an archaeological model.
2. Characteristics of the excavation GIS
The GIS management of the archaeological excavations is intended
as an instrument of research and not as an illustration of some-
thing already completed. Our proposal can be defined as a GIS
solution meaning a series of platforms and files, which interact
among them and allow the consulting of all the documents through
a wide range of interrelations. It is an instrument that allows im-
mediate manipulation of all the data, the building of various in-
formation levels in real time, the creation of new questions ac-
cording to the gathered answers, as well as the formation of pre-
dictive and interpretative hypothesis. In order to achieve all that
we had to create 3 applications and place them in a dynamic rela-
tion: the excavation platform, the alphanumeric DBMS (the
stratigraphical unit file system, finds, etc.) and the picture and
multimedia DBMS (the system of photographic, graphic and movie
documentation). This and the OpenArcheo system have made
complex questions easier and have also made elaboration times
shorter, thus accelerating the construction of interpretative mod-
els.
The GIS platform – At the time we started using GIS software
(autumn 1995) we had already graphically planned the Poggibonsi
excavation within CAD software, and realised that the tool did
not suit our needs (Nardini in press). The necessity of being able
to work with an open and functional instrument meant, in our in-
tentions, to reproduce graphically the exact situation of an exca-
vation: a vast composite plan, continually updated, formed by non-
interpreted graphical objects. This is the real innovation when
compared to other experiences; in fact this is beyond a certain
logic (well supported by intrinsic characteristics of CAD applica-
tions) which considers the digital manipulation of excavation plans
as complementary and subordinate to the one of alphanumerical
files (figure 1).
The excavation GIS is conceived as a platform containing the re-
cording of all operations and research campaigns conducted on
the site. The Poggio Imperiale hill, for example, has been vectorised
completely and placed in its landscape and settlement context (fig-
ure 2). The main parts of our data are the detailed geological map,
the work of the geoarchaeologist Antonia Arnoldus (geological
sections of the hill, archaeological probability map, a theory con-
cerning a possible water gathering system), the preliminary in-
vestigations over the territory (field walking projects in 1991 and
1992) and interpretation of different scales of digitalised aerial
photographs (the cartographic regional aerial photographs, his-
torical sites photographs, photographs from a tourist plane and
from a balloon). Eventually the entire excavation and dumping
areas in their progressive movement (they are an integral part of
the history of the hill) and the stratigraphical data (from humus to
the virgin soil), are complete; the reality of the various archaeo-
logical levels is fully represented (the GIS base, counting only the
12 hectare extension of the hill, conducts to a census of 60,112
vectorialised elements at the end of 1999).
Figure 1: Poggio Imperiale GIS platform. Area 2: composite
plan (updated to July 2000).
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The construction of the “data model” - The choice of software is
very important and should not tend to products supported by a
rigid structure (like some of the standards for landscape projects;
for example ArcView). That is why we have chosen MacMap
(made in France), a software programme which allows an ex novo
construction of data through the creation of a model, organised in
types and subtypes, defined both geometrically (surfaces, lines,
and points) and graphically. This peculiarity allows to build up a
single data base (and not many different thematic layers) where
all vectorialised graphs are gathered and classified at the moment
of input, according to prefixed logic schemes (which can always
be changed).
The data model has been organised in order to gather (in a strati-
fied way) the whole information set of an excavation: the mor-
phology of the site before the beginning of the archaeological work,
the non destructive investigation (survey and crop-marks analy-
sis), the excavation, particular research topics (paleopedological
survey, geomagnetism and resistance test, anthropological exami-
nation of skeleton finds, etc.), future musealisation (project of an
archaeological park) and predictive elaboration on the basis of
already acquired information. All of this data has been classified
into 13 types (for a detailed list see Nardini in press) based on the
typology coherence and geometric identity, and avoiding redun-
dancies. The basic concept is grounded on the intrinsic character-
istics of the evidence and not on the basis of subjective interpreta-
tions. For example, having to vectorialise the road system, it would
be incoherent to insert systems already in use and those under
planning in different types of the model: they are typologically
similar from a cartographic point of view and therefore belong to
the same type.
The DBMS (Data Base Management System) - The system of
graphical and multimedia files sees the use of databases created
for the manipulation of images, films and sounds (in our case Canto
Cumulus Desktop Plus); documents are represented in a gallery
of miniatures (which can be seen full size with a simple double
click) and consist of a descriptive space and a series of keywords
and categories (corresponding to precise identifications in our
system) which allows for the consultation of different media and
subjects. The keywords associated to each record correspond to
the number of represented stratigraphical features, the excavation
areas, the stratigraphical and the interpreted US definition, the
interpreted structure, the periodisation, etc. So far 5700 documents
regarding the Poggio Imperiale project have been recorded (in-
cluding pictures, movies 3D renderings, QTVR documents, ani-
mations).
The alphanumerical database represents a substantial point in de-
veloping an efficient solution of comprehensive excavation data
management. Quality, usability and availability of information
depend heavily on this projectual moment. Our file system was
conceived as a hierarchical relational database including detailed
stratigraphical and finds records (figure 3). If we consider only
the Poggio Imperiale project, 19,425 records (comprehending all
different tables) have been entered so far.
Regarding all kind of DBMS applied to archaeology we consider
it essential to primarily refer to all of the specific requirements
linked to archaeological research, and subsequently elaborate a
data model which can join the strict (and often abstract) logical
principles of computer science with the possibilities of the hard-
ware/software platforms available (in our case a LAN with a Mac-
intosh server, and commercial DBMS applications largely and
easily available). We have to point out that it is sometimes hard
for cognitive procedures aiming at the production of historio-
graphical models to match the methods of information science;
the problems usually solved by computer analysts concern defini-
tive and irrefutable data, which scarcely need updating. The same
cannot be said of archaeological research (Fronza in press). Dur-
ing the planning stage of a database (and, more generally, of a
global computer solution), functional for research, we have to be
very careful as regards two points: the creation of an open struc-
ture which can be integrated at any time with new information
types and the precise definition of a detail level in recording data.
Not taking into consideration these two aspects might end up with
the creation of inefficient or partial solutions. An open structure
is, in fact, strictly connected with the very essence of archaeologi-
cal research. This is often dynamic and evolves according to the
Figure 2: Poggio Imperiale GIS platform. Landscape of the
Poggibonsi commune with land cover; in the centre lies the
excavated area.
Figure 3: Archaeological excavation DBMS. Diagram of
relational architecture.
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targets of the project; investigations sometimes require a deeper
analysis as the excavation goes on. The consistency of the infor-
mation detail is directly connected with the efficiency of the data-
base; the ideal solution should match the two different needs: de-
tailed study of particular aspects of the project and profitable avail-
ability of data.
3. Visualisation of data
The recorded data has been organised into different “views”
worked out (elaborated) with the help of visualisation parameters,
which can integrate and combine any element according to que-
ries. As we have said before the system is open and temporary
views are continuously added to the main views during the use of
our platform.
A preliminary view locates and frames the hill of Poggio Imperiale
into the surrounding territory and describes its present natural,
morphological and monumental features: it shows land use, land
cover, contour lines, monumental emergencies, the road system,
the new building areas, etc. A further study is recorded and it
(through various different colours) shows the different geological
phases according to the geological map of Italy. Another layout
shows the changes that occurred after the opening of the excava-
tions; the various layers of dumped soil, the location of the huts,
and other structures connected with the security of the yard and
the consolidation of the found evidence and monuments. Prelimi-
nary investigations (surface survey and crop-marks analysis), char-
acterised with different colours and patterns, are organised either
in single views or overlapping the wall features excavated during
the intensive research in order to verify the correspondence be-
tween preliminary data and excavation reality (figure 4). The
stratigraphical units (corresponding to three different types: posi-
tive stratigraphical units (SU) like surface objects, negative SU
like linear objects and characterisations like linear objects) show
different colours according to their subtype: a sort of introduction
to the vast composite map, from which it is possible to obtain
results easily and quickly. Three more views show all the SU ac-
cording to their main chronological periods: late antique, early
and late Middle Ages. Within them some macro views show the
single phases of the settlement. Other views show the evolution of
the excavation project (the digging areas according to the various
campaigns), the perspectives concerning the transformation of the
area into a museum (vectorialized, reproducing the master plan of
the archaeological park) the paleopedological research (aiming at
the creation of a map of archaeological probabilities) and the
contextualization in the surrounding landscape (the communal
territory of Poggibonsi). The GIS platform, besides allowing a
general and detailed survey and analysis of the whole area, the
various and different calculations (averages, extensions, distances
etc.) the printing of subject maps (periodisation, distribution of
finds etc.) allows simulations concerning the structures that have
not yet been excavated. This new type of investigation, mainly
based on processing excavation data combined with the results of
preliminary investigations, gives detailed and interesting sugges-
tions in order to interpret the settlement and orientates the open-
ing of new areas. Other analytical studies concern the early medi-
eval huts (Fronza and Valenti 2000), the early medieval necropo-
lis (Francovich et al. 2000), the distribution of the finds of animal
bones (Nardini and Salvadori 2000) and the reading of preserved
wall features (Bianchi and Nardini 2000). At present we have just
started working on spatial and statistical analysis in order to build
predictive models of intrasite settlement patterns, especially deal-
ing with the planning of the small medieval town (which extends
on all of the 12 hectares of the hill of Poggio Imperiale; the first
results are presented in Nardini in press). This kind of analysis
can be considered as the main point of applying GIS technology
to an excavation.
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